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THE GRADUATE MEETS INDUSTRY 


Bh UNIVERSITY OF WASHINGTON awarded bachelor’s 
degrees in engineering to 467 graduates last month, 
compared with 329 in June, 1956. Early records available 
of about 160 who have accepted jobs in industry show a 
median starting salary of $505 a month. One man will 
receive $750, and nine, more than $600. Ten men went 
into Civil Service at a starting salary of about $370. Ap- 
proximate median figure for graduates placed by the Busi- 
ness Administration College bureau during the month of 
of May was $375. The College of Education reported 
that teachers in elementary and secondary schools start 
at a median salary of $4000 a year.* 

The higher offers to engineers by industrial recruiters, 
whose eagerness in some cases can be compared only to 
the college scramble for high school athletes, are leveling 
off the technical manpower shortage curve and increasing 
enrollment in technical courses. But what about the 
graduate entering industry with such an inflated idea of 
his professional worth? What problems will he meet? 

Perhaps it is just as well if he has not read the educa- 
tional, business, and industrial journals which have been 
expressing so deep a concern regarding the inadequacy of 
his training in one direction or another, his personal ad- 
justment to industry, and, incidentally, his probable net 
worth to the company. Although reports may disagree, 
they indicate certain aspects of his job of which he should 
be aware. 

High salary for beginners in industry is said at present 
to be offset by a rapid leveling off that devaluates experi- 
ence. The men who entered civil service with prospects 
of a regular increase twice a year, then, may find them- 
selves at the end of five years about as well off as their 
classmates who went into industry, unless industry has 
meanwhile corrected this discrepancy. 

Industry has also been accused of technical self-impov- 
erishment by making early promotion to management 
jobs more attractive financially than the slower and less 
rewarding course for technical promotion. 

The Association of Professional Engineers of the Prov- 
_ince of Ontario has summarized the answers of 5410 out 
of 10,416 members as follows:? 


Technical 
Years Work Administration Supervision Sales 

Experience % % 
5 45 10 35 10 

10 30 20 40 10 

15 20 30 40 10 

20 15 45 30 10 

25 15 50 27 8 

30 13 55 27 5 


If the table had reported on the first year, it would, no 
doubt, have shown that most of the 35 per cent of super- 
visors started in the technical group. 

“A fair share of the really highly-paid jobs for the top 
technical people,” is advocated by Dr. O. M. Solandt, who 
concludes, “It should not be necessary for a top scientist, 
or engineer, to become a salesman or even an executive 
in order to get a big salary. His direct contribution to the 
profitability of the enterprise should justify a salary in the 
top management bracket.’ 


* This can be considered a 12-month salary, since the summer must 
be devoted to advanced studies. 


But lagging salary increases apparently account for only 
part of the dissatisfaction of engineers employed technic- 
ally in industry. The Industrial Relations Center of the 
University of Chicago compared job satisfactions of 399 
engineers and 188 “natural scientists’* in 19 separate 
working groups in industry, with each other and with 
non-professional employees in industry. On a centile basis 
in which very low was 1-10; low, 10-40; average, 40-70; 
high, 70-90, and very high 90-100, the engineers responded 
as follows:* 


Friendliness and cooperation among themselves .. 72 
Interpersonal relationships (supervisor-employee) . 47 
Technical competence of supervisors ...................... 26 


Effectiveness of administration .............................0.... 12 
Adequacy of communication .............................006 38 
Security of job and work relations .......................... 53 
Identification with company .............................0000000-. 45 
Opportunity for growth and advancement .............. 49 


The responses of the scientists were somewhat more favor- 
able on some counts. However, “professionals revealed only 
slightly more favorable attitudes than production workers 
and factory labor” and “about the same as routine office 
employees. They were definitely less satisfied than skilled 
workmen, foremen, salesmen, and management.”* Nor 
can the professional groups be dismissed as “misfits,” for 
they seem to get along very well among themselves. 

A coast-to-coast survey of five major industries, however, 
is somewhat more encouraging. Although interviews with 
800 engineers revealed almost universal complaints of 
too much “routine” and “red tape” and too little profes- 
sional recognition by management, “approximately seven 
in ten said their company was above average or one of the 
very best as a place to work.”® Worth noting is the fact 
that 74 per cent listed “interesting work” as a major job 
requirement, indicating perhaps, an industrial waste of 
potential brain-power and initiative. 

Professor Shepard (Sociology) at M.I.T. attributes the 
frustrations of the engineer in industry to the conflict be- 
tween scientific study values developed during school and 
the material values of industry, where “time” and “profit” 
are often the only criteria.® 

Perhaps, then, in addition to the financial attractions, 
the engineer is tempted to resolve this conflict by stepping 
across into management where he can more closely identify 
the aims of his job with those of his employer. 

Moore and Renck conclude, “There is some evidence 
that the patterns of administration and organization which 
characterize industry and which work reasonably well in 
most other branches of business are inappropriate to re- 
search and technical activities.” Nevertheless, though the 
patterns change, the basic personal conflict may continue 
unless the engineer is fortified by knowledge and judg- 
ment to meet this dilemma. How can this be done? 

One approach is “a manual or case book in ethics” 
planned by the ASEE Committee on Ethics’? because “the 
canons and codes of ECPD and the several engineering 


* Chiefly physicists and chemists, many with advanced degrees. 
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societies are...merely bald statements of maxims” and 
“have no appeal for the engineering student who should 
learn something about ethics although he does not face a 
personal ethical problem.”* Here is one of the cases sug- 
gested for inclusion: “Is it proper for an employed sales 
engineer to recommend to a customer the purchase of a 
competitor’s machine when the engineer is convinced that 
the competitor’s machine meets the customer’s requirements 
more nearly than his own company’s product?” Is the engi- 
neer prepared to decide such a question, or even to discuss 
it intelligently? A question relating more closely to his 
recent experience might be: Is cheating in examinations 
ethical? 

Another possible source of frustration may be the team- 
work approach to industrial research, adopted by large 
concerns. Let us assume, first, that our newly graduated 
engineer with a bachelor’s degree and no experience, given 
his choice, and other factors being equal, would prefer a 
technical, or creative, career. He is not likely to be assigned 
to a research team very soon, but his promotion may sooner 
or later depend on qualities he has displayed during his 
term of employment. 

A director of technical development for a chemical 
plant, urges “above all, stress teamwork—all the research 
in the world is worth nothing if you don’t know how to 
take full advantage of it.”* We read that “historians of 
the future may well select the development of deliberate 
creativeness as the most important development of this cen- 
tury,” and, by the same author, “It is almost axiomatic 
that a properly selected research committee can be more 
effective creatively than the sum of the creativeness of the 
same persons acting individually.”® 

Perhaps here we should stop to ask, “What is creativity?” 
and “What is research?” 

A new University of Chicago study of creativity has 
turned up evidence that the creative scientist is a distin- 
guishable personality. He is characterized as “an individu- 
alist,” “happy when working alone,” and one who “likes 
to initiate his own activities.”!” 

Moreover, an interesting distinction has been made by 
the Supreme Court between research results that are pat- 
entable and those which are not,!! and a report published 
by the Temporary National Economic Committee, 76th 
Cong., 3rd Sess. (1941) states: “All inventions derive from 
common knowledge; they differ in the quality and mag- 
nitude of their contributions to the industrial arts.... 
They fall into three rather distinct classes: First, creations 
which exhib.t individual insight; second, derivative proc- 
esses, worked out by professonal staffs, equipped with lab- 
oratory facilities; third, variations upon a basic design 
such as a dozen workmen would independently contrive. 
The mark of the first is genius; of the second, professional 
competence; of the third, mechanical ability....” and, 
furthermore, “They {patents} are not intended as a reward 
for the collective achievement of a corporate research 
organization.... Such an advance is the product not of 
inventive ability but of the financial resources and organ- 
izing ability of those who operate the laboratories. ... Each 
man is given a section of the hay to search. The man who 
finds the needle shows no more ‘genius’ and no more 
ability than the others who are searching different portions 
of the haystack.”!! 

Degrees of creativity are thus widely distributed, and 
the engineers who will succeed in teamwork research may 
not be those who will qualify in the highest degree as cre- 
ative individualists. 


* Emphasis is ours. No doubt, reference is to a professional ethical 
problem. Ed. 


Our graduate, moreover, may discover that even success- 
ful team members are often greatly dissatisfied. They com- 
plain that they receive no personal and, often, no team 
recognition, and accuse “management” of taking credit for 
results produced by the team.*:> To recognize this fact— 
that individual recognition may be slight or lacking en- 
tirely, may be another adjustment the young engineer in 
research will face, and a further incentive to switch to 
management. 

If, however, he is still undaunted, he may find it advis- 
able to study for an advanced degree. This enterprise 
should be carried on before he has reached the age of 
greatest creative productivity, said by one authority to be 
the early thirties.'2 Another states: “Inventive activity is 
probably highest (on a per capita basis) among those in 
their late 30’s or early 40’s, but the output of younger in- 
ventors, while scarcer, is likely to be superior.”!* (The 
possibility that group creative productivity may be in- 
creased among older workers by keeping the group identity 
young, i.e., by transfers in and out of the group,'+ is the 
concern of management.) 

The man contemplating advanced studies might heed 
Dr. Lee A. DuBridge, President of the California Institute 
of Technology, who declares: “Research work is not a 


‘series of college courses, it is a way of life. And I do not 


believe that either a scientist or an engineer can become 
fully qualified for research and development work unless 
he has actually lived full time in the atmosphere of a 
graduate institution, fully immersed in some phase of its 
research program.”?5 

Again, the Chairman of the Board of Arthur D. Little 
Company, points out the need to “take a new look at the 
standard requirements for the doctoral thesis, to make 
sure that in requiring research results that can be pack- 
aged and tied at the end of a very short time, we are not 
diverting the graduate student from more significant re- 


search that does not fit the formula.... The most critical’ 


need is for more of such as I have styled the scientist 
engineer.”!® 

Our engineer, if interested in qualifying for this select 
designation, must explore in his postgraduate studies at 
least the fringes of the science world with which later 
graduates will be much more familiar than he, to judge 
from proposed curricular shifts. In fact, science and engi- 
neering are already showing so many overlapping regions 
that Professor Adler of M.I.T. (Electrical Engineering) 
has “noted with alarm the fact that a very large percentage 
of the really significant recent applications of science were 
not only conceived, but also quite extensively developed 
for practical use, by men who were trained as scientists or 
applied mathematicians, rather than as engineers,... the 
microwave circuitry, the traveling-wave amplifier,... the 
ammonia or cesium ‘clock’ and the molecular amplifier 
(Maser)...°’ While attributing this in part to the “su- 
perior” education of the scientist, he concludes, “The fact 
is that the men responsible for the foregoing developments 
were of outstanding technical qualiy to begin with, but a 
most significant point for me now is that such men were 
attracted in their formative professional years to the study 
of science (or of mathematics), rather than to the study 
of engineering.‘? 

It is possible, then, that, in spite of the fact that the 
boundary line between “science” and “engineering” is be- 
coming indistinct, the creative individualists find a more 
flexible and attractive program offered by science. If our 
engineer has boarded the wrong train, the sooner he be- 
comes aware of it, the better. 

(Continued on page 26) 
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PHOTOGRAMMETRY OF GLACIERS 


A. E. HARRISON 


Professor of Electrical Engineering 


How would you measure 
the surface of a glacier pre- 
cisely? How did an elec- 
trical engineer get involved 
in measurements on gla- 
ciers? 

The last question is prob- 
ably the easier to answer. 
Some people might suspect 
that a hobby of glacier study 
is merely an excuse for 
making repeated trips to 
the mountains. Actually, 
the problems involved in 
measuring the surface of a glacier are good engineer- 
ing problems (primarily a civil engineering prob- 
lem), and present a fascinating challenge. Anyone 
interested in engineering is vitally concerned with 
measuring things and expressing the results of the 
measurements accurately and clearly. The opportu- 
nity to apply the analytical methods of electrical 
engineering to the results of a measurement program 
in the mountains has paid off in enjoyment, accom- 
plishment, and an increased appreciation of the pos- 
sibilities of photogrammetry as a surveying method. 

Before continuing with a discussion of the meas- 
urement of glaciers with photogrammetry, it might 


A. E. Harrison 


be a good idea to define a glacier. Not all bodies of © 
permanent ice in the mountains are glaciers. Ice 


has a peculiar nonlinear property. If the pressure 
on the ice is below a certain critical value, ice is rela- 
tively rigid. When the pressure exceeds this critical 
value, ice can flow like a plastic material. If more 
snow falls on a mountaintop during the winter than 
can be melted during the summer, this excess of 
accumulation over ablation (melting) will cause the 
snow to pile higher and higher over a period of 
years. The lower layers of snow will be compacted 
into ice. If the thickness of snow and ice is enough 
to produce the critical pressure, then the ice will 
begin to move. It is this motion which distinguishes 
a glacier from other, inactive bodies of ice. 


Of course, the transition from inactive ice to a 
glacier does not occur suddenly, and it would be 
impossible to make an exact distinction between the 
barely perceptible motion of thin ice and the more 
pronounced motion of glacial flow. The smallest 
glaciers may move only a few feet per year, while a 
very active glacier can move several feet per day. 


JULY, 1957 


This motion allows a glacier to react to changes in 
climate. If snowfall increases, or if ablation de- 
creases, the increased thickness of ice will produce a 


greater velocity. The excess of accumulation over — 


ablation at the higher elevations will move down to 


a lower elevation where the ablation can equal the » 
inflow of ice from above. The glacier attempts to 


remain in equilibrium with the climate and furnishes 
a sensitive indicator of climatic changes. 


There are several methods of measuring the 
changes in a glacier and correlating them with cli- 
matic factors. Ideally, all of these methods should 
be utilized in the study of a glacier, but some gla- 
ciers are particularly suited to only one form of 
measurement. The total accumulation of snow at 
different times during the year may be measured 
by taking sample cores of the snow from a number 
of strategic locations. The water content of these 
cores is determined. The decrease in the level of 
the surface of the older ice, exposed when the snow 
has melted from the lower region of the glacier, is 
also measured at a number of locations. The total 
precipitation during a year and the ablation loss by 
melting and evaporation may be determined from 
these data. The results are known as the glacier 
budget and are expressed in terms of the change 
in the mass of the glacier. These measurements must 
be taken throughout the year. They are usually 
accompanied by meteorological measurements of 
temperature, humidity, wind velocity, incoming and 
outgoing radiation, cloud cover and similar observa- 
tions. A program of this type is being carried out 
on the Blue Glacier in Olympic National Park, 
Washington, during the International Geophysical 
Year. 

Some glaciers have a rough surface, so torn by 
crevasses that measurements of the type just de- 
scribed are inconvenient. However, the roughness 
of the surface makes such glaciers particularly suited 
to accurate measurement of changes in the surface. 
These measurements yield knowledge of changes in 
the volume of the ice rather than its mass, but this 
information is almost as valuable as the mass data 
on the glacier budget. The techniques of engineering 
analysis allow a good estimate of the budget from 
the changes of the surface and a knowledge of the 
effect of climatic changes on the behavior of the 
glacier. This conclusion is analogous to the state- 
ment in control-systems terminology that the output 
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THE TREND IN ENGINEERING 
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Fig. 2. Viewing the photogrammetric pair of pictures 
from a closer spacing, AB’, instead of the distance between 
camera lenses, AB, reduces the scale and brings the image 
closer to the observer. 


Fig. 3. The TAF phototheodolite is examined by Dr. Richard M. Hubley, Chief 
Scientist for Arctic Glaciology in the International Geophysical Year program. 
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of a system tells you the input to the system if the 
“response” of the system is known. 


The roughness of a glacier’s surface, which makes 
mass-budget studies or surveying by conventional 
techniques difficult, is ideally suited to precise meas- 
urements of the surface by photogrammetry. The 
sharp edges of crevasses and seracs, the huge blocks 
of ice sometimes found on glaciers, provide the 
objects which are needed for a three-dimensional 
image of the terrain for either aerial or terrestrial 
photogrammetry. The latter type of measurement 
has been applied successfully to the measurement 
of the Coleman Glacier on Mt. Baker, a 10,778-foot 
volcanic peak in the northwest corner of the state 
of Washington. (See frontispiece and Fig. 1.) 


A considerably greater impression of depth is 
required in a stereoscopic image for surveying pur- 
poses than is needed for the usual three-dimensional 
pictures. Ordinary stereo pictures are taken with a 
camera having two lenses spaced the average distance 
between a person’s eyes. This lens spacing permits 
distinguishing between distances of several hundred 
feet, but greater distances appear to be in almost the 
same distant plane. The illusion of a greater percep- 
tion of depth can be produced by increasing the spac- 
ing between the lenses. This illusion is illustrated 
by Fig. 2. If the object is photographed from two 
widely separated points and the pictures are moved 
together and viewed with a spacing equal to the dis- 
tance between the viewer’s eyes, the object will 
appear as if reduced in scale and viewed from a 
closer distance. No distortion 
will occur, but the object will not 
appear normal because the viewer 
is not familiar with such a “cross- 
eyed” view. 

This cross-eyed look is exactly 
what is needed for accurate sur- 
veying by photogrammetry. It 
provides the wide angles of view 
required for accurate triangula- 
tion. The baseline used on Mt. 
Baker has a length of 660 feet. 
A single camera with two lenses 
is obviously out of the question. 
The desired result is obtained 
with a precision camera taking 
two photographs at different 
times. This camera is known as 
a phototheodolite. It must have 
an accurately determined, fixed 
focal length, four fiducial marks 
which define the aim of the cam- 
era and the center of the picture 
quite ‘accurately, and a transit for 
aligning the aim of the camera 
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with respect to the baseline. One type of phototheo- 
dolite is illustrated in Fig. 3. 


The position of two or more “control points” 
which can be seen in the pictures must be accurately 
known in order to utilize the pictures for photo- 
grammetric surveying. When fixed points on ex- 
posed rocks and ridges are used as control points, 
repeated photogrammetric surveys may be made 
without resurveying the location of the control 
points. This plan is very convenient, since the posi- 
tion of the control points must be known with a 
precision at least ten times greater than that of the 
baseline, and a resurvey of new control points each 
year would involve considerable extra equipment. A 
two- or three-man party is sufficient when the con- 
trol has already been established. 


Pairs of pictures for photogrammetric surveying 
may be taken at angles other than perpendicular to 
the baseline. Most plotting equipment is designed 
to utilize photographs with an aim deviating as much 
as 30 degrees on either side of perpendicular. 

Terrestrial photogrammetry is particularly useful 
for repeated measurements of small areas in rugged 
terrain. That description applies to many glaciers, 
including the Coleman Glacier on Mt. Baker. Its 
advantages over conventional surveying techniques 
are emphasized by the fact that a large area can 
be surveyed by photogrammetry in the same time 
that is required to establish the location of a single 
point by triangulation methods. Photogrammetric 
pictures provide a visual space model of the terrain, 
and the triangulation is performed by elaborate plot- 
ting machines at any convenient later date. The 
necessity to make more than a few triangulation 
measurements in the field is eliminated. 

A program of measurements on the Coleman 
Glacier, using conventional surveying techniques, 
was begun in 1949 by Kermit Bengtson, then an 


instructor at the Western Washington College of 
Education at Bellingham. The survey was continued 
by the author in 1952 and 1953 while Kermit Bengt- 
son was serving in the Navy. Support for the project 
was granted by the Agnes Anderson Research Fund 
in 1953 and a TAF phototheodolite was obtained. 
Kermit Bengtson returned to the University of 
Washington in 1954 as a graduate student in Chem- 
ical Engineering and continued the surveys, using 
terrestrial photogrammetry. The project is now sup- 
ported by a five-year grant from the National Science 
Foundation. 

The 660-foot baseline at Mt. Baker is located on 
Bastile Ridge, an ideal site parallel to the glacier. 
Three pairs of stereo views are obtained from this 
baseline. An additional baseline is contemplated near 
the top of the ridge to give a closer view of Mt. 
Baker. Another baseline will be required in the 
bottom of the canyon in order to map the front of 
the glacier tongue, which has now advanced ut of 
sight from the present baseline on Basti.. !U.age. 

Results to date indicate that the Cole ..an Glacier 
increased its volume 170 million cubic fet between 
1954 and 1955. This figure represcrts an increase 
of more than six feet in thickness over the lower 
portion of the glacier, where most of the increase 
occurred. The average increase over the entire 
glacier was somewhat less than two feet. Data for 
the vear 1955-1956 are not yet available because the 
compilation is being done for the University of 
Washington by the Institute for Photogrammetry in 
Munich, Germany. This delay is necessary because 
the plotting machines in this country are intended 
primarily for making maps from aerial photography 
and are not available for glacier surveys at a reason- 
able cost. Machines designed expressly for terres- 
trial photogrammetry are available, but there are 
no photogrammetric laboratories in this country 
equipped with these less expensive machines. 


Chemical Engineering Student 


= James Davis, graduate student in Chemical 
Engineering, was awarded the $9000 Leeds and 
Northrup Fellowship at the ASEE annual meeting 
in June. Dr. Harold E. Wessman, Dean of the Col- 
lege of Engineering, accepted the award for Mr. 
Davis at the convention banquet. 

The grant, the largest ever received by a Univer- 
sity of Washington engineering student, provides 
$3000 a year for three years to finance his graduate 
work. It will cover tuition and a substantial cash 
allowance for Mr. Davis, in addition to funds to re- 
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Awarded $9000 Fellowship 


imburse the University for other expenses of the 
three-year course. 

Mr. Davis, 32, who has been conducting a research 
project on heat-transfer characteristics of liquids, 
will continue graduate work in this field toward his 
doctorate. 

Leeds and Northrup, manufacturers of engineer- 
ing instruments, established the fellowship in 1956 
to encourage advanced study and research in elec- 
trical, mechanical, or chemical engineering. Mr. 
Davis is the second to receive this award. 


THE TREND IN ENGINEERING 
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A DEVICE FOR MEASURING THE SWELL PRESSURE OF SOIL* 


ByorN J. STROM 
Graduate Student in Civil Engineering 


Many compacted soils, 
notably silt and clay, have 
a tendency to swell when 
additional water is made 
available. Swell is a com- 
plicated phenomenon: part- 
ly mechanical, as the elastic 
expansion of the precom- 
pressed soil structure sucks 
available water into the ex- 
panding intergranular pores, 
and partly physical, as 
water crowds into the pores 
because of molecular attrac- 
tion for the surfaces of the solid particles. Chemical 
action also may be a factor in the swelling process. 
Similar clays with slight differences in chemical com- 
position can exhibit different swelling characteristics. 

High swelling soils may cause the failure of a 
slope, a road, or an airfield. In some regions build- 
ings are seriously affected by swelling of the under- 
lying soil. 

Swelling failures may be prevented either by cut- 
ting off the supply of water to the soil or by loading 
the soil with a sufficient surcharge to neutralize the 
expansive forces, or the swelling soil may be excav- 
ated and replaced with better material. But, in any 
event, to forestall failure the soil’s tendency to swell 
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must be found and evaluated. 


The swelling tendency of soil is generally ex- 
pressed in terms of swell pressure, which is the pres- 
sure required to restrain a compacted sample from 
expanding in the presence of free water. There are 
many methods of measuring swell pressure. Gener- 
ally, the apparatus consists of a cylindrical mold in 
which the soil is compacted and contained during 
the test, and an attachment for measuring the expan- 
sion taking place. Perhaps the most widely used 
apparatus is the Hveem swell device (Fig. 1). It 
was developed at the Division of Highways of the 
California Department of Public Works, and has 
been adopted quite generally by the Western States. 

In order to evaluate present techniques and to 
throw more light on the problem, a new device was 
developed which eliminates the rigid lateral restraint 
and wall friction characteristic of confinement in 


* Condensed and arranged from the M.S.C.E. thesis of 
Bjorn Strom (1957). Mr. Strom’s research was conducted 
under the supervision of Professor Hennes. 
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R. G. HENNES 
Professor of Civil Engineering 


a metal mold. The new 
apparatus is shown in Fig. 
2. It consists of a pres- 
sure container, a base plate, 
a top plate, and a rubber 
membrane shaped like a top 
hat. The pressure con- 
tainer has a pressure gage, 
a tire valve, and a pipe 
plug. The hole where the 
pipe plug fits may be used 
to connect the chamber to 
an air supply. The bottom 
is open and is pressed down 
on the base plate with the flange of the rubber mem- 
brane in between, as shown in the sketch. 

The base plate is about 8 inches square. It con- 
tains a porous stone, 31% inches in diameter, which 
is set down into the plate flush with the surface. 
Two channels through the base plate lead to the 
porous stone. A wye made from %%-inch plastic 
tubing leads to these channels. (The plastic tubing 
was quite easily welded by the use of an electric 
soldering iron.) 

There are four studs in the base plate for clamp- 
ing down the pressure container, providing a pres- 
sure-tight connection. 

The rubber membrane was fabricated from 0.012- 
inch thick dental dam and two 14-inch thick rubber 
rings. The membrane consists of two layers of this 
dental dam glued together with rubber cement. 


As finally developed, the procedure consisted of 
mixing a soil sample with the desired amount of 
water, tempering it for 24 hours, compacting it in a 
kneading compactor, and then introducing the speci- 
men into the swell device. Compaction was accom- 
plished in the kneading compactor adopted by the 
Triaxial Institute... The sample was contained in a 
cylindrical mold of 4-inch inside diameter while being 
compacted. It was then removed from the mold and 
placed on the base plate, centered over the porous 
stone. The rubber membrane was pulled down over 
the sample, and the pressure chamber was clamped 
down on the base plate so that the flange of the 
membrane acted as a gasket. 

The sample could be surrounded by air or water 
in the pressure chamber. It was assumed at the outset 


R. G. Hennes 


1“The Triaxial Institute Kneading Compactor,” by Mar- 
— The Trend in Engineering, Vol. 4, No. 1 (January, 
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of the investigation that a sample subjected to a 
pressure equal to the maximum swell pressure would 
not absorb water. Under such circumstances the 
specimen would be in equilibrium with its surround- 
ings, at constant volume. This assumption implies 
that the absorption of water and the volume expan- 
sion are equivalent, so that no absorption could 
occur when volume expansion was inhibited by an 
external pressure equal to the swell pressure. 

Several samples made at the same moisture con- 
tent and at the same degree of compaction were 
tested under different confining pressures. A sample 
confined by a pressure greater than the maximum 
swell pressure should take up no water, and the 
ones tested at lower confining pressures would ab- 
sorb water according to the applied pressure. For 
the general case, where there was no sample sur- 
rounded by a pressure exactly equal to the swell 
pressure, this value would be scaled from a plot of 
water absorbed against applied pressure. 
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A series of samples was tested to probe these 
assumptions. The samples were made up of a local 
silty clay with a liquid limit of 43, at an initial water 
content of 15 per cent. 

The results of these tests indicated flaws either in 
the assumption or in the test procedure. When the 
amount of absorbed water was plotted against the 
applied pressure, the resulting curve was highly 
irregular and showed no appreciable decrease in 
absorption with increasing external pressure. The 
applied pressure varied from 5 psi to 30 psi. The 
swell pressures obtained by the Hveem device do 
not exceed 10 psi as a rule, so it seemed reasonable 
that a break in the curve would occur at a pressure 
lower than 30 psi. Presumably the residual capil- 
lary pressure in the specimen was replaced by an 
external confining pressure without measurable re- 
striction of the volumetric expansion due to swell. 

In the foregoing tests external pressure was pro- 
vided by an air compressor and controlled by a pres- 
sure-regulating valve in the line. 

Subsequently, a different test procedure, which 
seemed to be more successful, utilized the expansion 
of the soil to build up the pressure in the chamber. 
The pressure chamber was filled with water under 
pressure so that there was an initial pressure of 
about 2 psi. When the sample was exposed to water, 
it swelled until the swell pressure was reached. The 
pressure then remained constant in the chamber, and 
the swell pressure was read directly off the gage. 
While the chamber was being filled with water, the 
pipe plug was removed. Water was introduced 
through the tire valve, and the air was permitted to 
escape through the pipe-plug hole. When the cham- 
ber was full and all the air had been flushed out, 
the pipe plug was replaced. The water line was not 
disconnected from the valve until the pressure in 
the chamber was between 2 psi and 3 psi. This in- 
itial pressure served to close the rubber membrane 
tightly against the sample and to take up any slack 
that might be in the system. The wye was then 
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filled with water and the sample was allowed to 
swell for 16 hours before the swell pressure was 
read. It was found that the sample generally devel- 


‘oped between 90 per cent and 100 per cent of its 


ultimate swell pressure in less than 16 hours. The 
temperature was kept fairly constant during the 
test since it was found that an appreciable temper- 
ature variation would cause a large pressure change 
whenever air bubbles were present in the chamber. 

In this series of tests two sizes of samples were 
used, some of them 2.5 inches high, and the others 
1.15 inches high, but all with a circular base of 
4-inch diameter. For the large samples three differ- 
ent soils were used. One was the silty clay previ- 
ously mentioned, another was the silty clay with 
4 per cent of bentonite clay added, the third, a silty 
clay with 6 per cent bentonite. 

The results of these tests are shown by Figs. 3 
and 4. 

The curves of Fig. 3 are different from the curves 
obtained by the Hveem device, but it seems that 
their shape is reasonable. The swell pressure is low 
for both the extreme dry and extreme wet condi- 
tions. 
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The swelling depends partly on the compaction 
of the soil. Figure 5 shows that the dry samples 
attained a lesser degree of compaction than did the 
ones of intermediate wetness. The extremely wet 
ones were also poorly compacted. This and the fact 
that a wet sample will take up little water make for 
low swell pressures at either end of the curve. 


Figure 6 compares the curves for the silty clay 
for the Hveem apparatus with those of the new 
device. It seems that differences between results 
from the two devices may be explained by wall fric- 
tion and by the different conditions of confinement. 
Assuming that swell pressure is reduced by an 
amount approximately proportional to the amount 
of wall friction, the curve on Fig. 7 would indicate 
the relative magnitudes of the amounts to be added 
to the Hveem curve to compensate for wall friction. 
This correction would make the two curves more 
alike. In the course of the experimentation it was 
found that the samples were subjected to a greater 
degree of confinement in the new device than in the 
Hveem apparatus. At one pressure the expansions 
were 0.6 per cent for. the new method and 6 per cent 
for the other. Comparison of large and small samples 
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in the new device disclosed that a sample with a 
greater degree of confinement would have a higher 
swell pressure. From this it would seem that a large 
part of the unexplained differences still remaining 
after compensation for friction should be attributed 
to variation in confinement. 

This new method is somewhat slower than the 
methods being used at present, but it possesses the 
advantage that it more nearly measures absolute 
swell pressures. 

A feature of the new apparatus is its versatility. 
The degree of confinement can easily be modified 


by connecting the pressure chamber to an air-filled 
tube. The volume of the tube controls the amount 
of expansion permitted to the soil. The product of 
this investigation has been a new apparatus, some 
plotted data, and some speculation regarding experi- 
mental methods. Perhaps this last item may be of 
most interest to the reader. 


BIBLIOGRAPHY 


1. ALLEN, Harotp, and JoHnson, A. W., “The Results of 
Tests to Determine the Expansive Properties of Soils,” 
Proceedings, Highway Research Board, Vol. 16, 1936. 

2. Finn, W. D., “Swelling of Soil,” M.S. Thesis, University 
of Washington, 1957. 

3. Hveem, F. N., and Carmany, R. M., “The Factors Un- 
derlying the Rational Design of Pavements,” Proceedings, 
Highway Research Board, Vol. 28, 1948. 

4. Kerry, Hat J., Srranpperc, Karre G., and Harris, 
Henry M., “Use of Washington Bentonite as a-Hydro- 
aan, The Trend in Engineering, Vol. 8, No. 4 (Oct. 

5. LeCierc, R. V., “How to Handle Swelling Soils,” Pro- 
ceedings, 7th Northwest Conference on Road Building, 
February 18, 1954, 

6. Seep, H. B., LUNGREN, R., and Cuan, C. K., “The Effect 
of Compaction Methods on the Stability and Swell Pres- 
sure Characteristics of Soils,” Proceedings, 33rd Annual 
Meeting of the Highway Research Board, January, 1954. 

7. TscHEBoTARioFF, G. P., Soil Mechanics, Foundations, and 
—— New York, McGraw-Hill Book Co., 
nc., 


National Meeting of A.I.Ch.E. Draws Crowd 


36TH NATIONAL MEETING of the American 
Institute of Chemical Engineers, which took 
place in Seattle, June 9-12, with headquarters at the 
Olympic Hotel, drew almost 500 chemical engineers 
from all parts of the United States. The meeting 
was the first of its kind held in the Pacific Northwest. 

Faculty members of the Chemical Engineering 
Department of the University, headed by Dr. R. W. 
Moulton, took an active part in making arrangements 
for the convention and contributed to the program. 

Dr. M. M. David, treasurer of the executive com- 
mittee, also headed the finance committee. Dr. A. L. 
Babb was chairman of the registration committee, 
and Dr. L. N. Johanson was on the publicity com- 
mittee. Dr. J. L. McCarthy was co-chairman of the 
symposium on “Chemical Engineering in the Pulp 
and Paper Industry,” and Dr. R. W. Moulton pre- 
sided at the second session of the symposium on 
“Chemical Engineering Data and Calculation 
Methods.” 

Taking part in the symposium on “Electrochemical 
Engineering,” Dr. Harold T. Fullam (graduate stu- 
dent) and Dr. Moulton presented a paper on “Met- 
allic Borides and Silicides by Fused Salt Elec- 
trolysis.” 

D. M. Himmelblau (graduate student) and Dr. 
A. L. Babb contributed “Kinetic Studies of Carbona- 
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tion Reactions Using a Radioactive Tracer” to 
Technical Session No. 5, and on the same program, 
Dr. M. M. David presented a paper on “Equilibrium 
in the System Cu**-Na*-Dowex 50,” the co-author 
being H. C. Subba Rao, recently a graduate student 
and now with General Petroleum Corporation, Los 
Angeles. 

L. A. Lundberg, former graduate student, was on 
the Pulp and Paper Industry program with “Con- 
tinuous Production of Wood Cellulose Pulp.” 

Members from ten other universities and research 
institutes located from Connecticut to Texas and 
from Washington to Florida appeared on the pro- 
gram. Research reports from large industries, in- 
cluding E, P. du Pont de Nemours, General Electric, 
Dow Chemical Company, Crown-Zellerbach, Shell 
and Standard Oil Companies, and Johns-Manville, 
emphasized the extensive research programs being 
conducted by such firms in the areas of Chemical 
Engineering, alone. 

John E. Kaufmann, of the Atomic Energy Com- 
mission, presided at the symposium which discussed 
“Industry’s Role in University Programs on Nuclear 
Engineering.” 

The 1958 meeting, to be held in Philadelphia, will 
celebrate the 50th Anniversary of the American 
Institute of Chemical Engineers. 
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DIELECTRIC LOADING OF WAVEGUIDES* 
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Introduction 
Periodic loading in wave- 
guides has become im- 


portant in many applicar 
tions, most of them centered 
around the property of 
these loaded guides to slow 
a wave down to a velocity 
less than the speed of light. 
For example, in electron 
beam devices a phase veloc- 
ity near the velocity of an 
electron beam is desired. 
Another use of a loaded 
guide is to provide a desired phase shift. Metal irises 
are generally used for loading. 

Laminated dielectrics have been used for antenna 
housings, or radomes, for many years. The thick- 
ness of these housings is generally of the same order 
of magnitude as the wavelength of the radiation in- 
volved. Thus, the problems of reflection, absorption 
of power by the radome walls, and diffraction are 
present in the design of radomes. 

An incident TEM wave, or plane wave, has been 
assumed in most of the analyses and design tech- 
niques on this problem up to the present time. The 
radome is actually close enough to the antenna so 
‘that the near zone fields should be considered; that 
is, the incident wave has an E field component in 
the direction of propagation. A TM mode propagat- 
ing in a guide loaded with periodic variations of 
dielectric constant would be a first approximation 
of the study of laminated sheets in the near zone 
field in free space. 
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* This work was supported in part by the Boeing Airplane 
Company, Seattle. 
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This study was under- 
taken to determine the prop- 
erties of a guide with peri- 
odic dielectric loading con- 
sisting of alternate regions 
filled with different dielec- 
tric plates perpendicular to 
the axis of the guide, as 
shown in Fig. 1, and to 
explore possible uses of 
such a guide. Propagation 
and impedance character- 
istics of the loaded guide 
were to be studied. This 
investigation would also be a first step in the larger 
problem of radome design. 


Theory 
A transmission matrix for a four-terminal net- 
work, shown in Fig. 2, can be defined as follows:!? 
bo=TuatT2h be a 
or, =(T] 


G. Held 


(1) 


If another four-terminal network with transmis- 
sion matrix T; is added to the first, the total result- 
ant matrix is the matrix product of T; and T, in the 
reverse order. In general, for » networks cascaded 
together, 


(T) (T,.) (T,-1) Ti ° (2) 


Fic. 2. FoUR-TERMINAL NETWORK 
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Fic. 3. EQUIVALENT CIRCUIT OF TYPICAL SECTION OF 
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A transfer constant can be defined for this net- 
work as follows: 


b=a,e*. (3) 
Solving Eq. 1 for be in terms of a), with a2 set equal 
to zero, yields: 
Tu Tx— Tr Ta 
= 
Tx 


By the principle of reciprocity, the determinant 
of T is unity, so that 


bo = 


= To a. (4) 
From Eqs. 3 and 4, 
or, 
cos 6=Re (Tx) . (S) 


The reflection coefficient for the network is de- 
fined as p=b;/a,. If az is set equal to zero, it can 
be shown from Egs. 1 that 


Ta 
(6) 
The voltage standing wave ratio is defined as 
vswrettlel (7) 


1—|p| 
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The equivalent circuit of a typical section of the 
loaded rectangular guide with dimensions a and b is 
shown in Fig. 3.1? 


The transmission matrices for the individual 
elements of the typical section are: 


n+— 
T= 
n 
> 
——Nn 0 
n 
where 
n?=Zp,/Zo, ; 
Zong, = . (1 2) 
6; 
°TM; we; ’ 


Combining these, using Eq. 2 and substituting 
for n for a TE mode, yields: 
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cos (8) The T matrix for N sections of loading can be 
2312 found by raising the T matrix of the typical section 
: =e to the Nth power, using the Cayley-Hamilton 
e~* sin ; (9) theorem. The results of this operation’ are: 
22 Tu sinh NI’ —sinh (V—1)I”’ 
T= —j sin ; (10) aah” (13) 
2 2 
. sinh NI” 
22 2 (11) 12 Tie (14) 
where 
6; = Bil; ; (¢=1, 2) Ta" =T, sinh NIY | (15) 
8;=propagation constant in region filled with sinh I” 
dielectric 
l;=length of region filled with dielectric (i). = NI 
The propagation constant of the structure can be sinh I” d 
found immediately, using Eq. (5): odin 
Bra (h-+h)=cos 6, sin sin 6, . (12) 
=cos 6; cos 6.————=_ sin 6; sin @ . 
COS Prelh 1 1 T”=cosh*( fut Ts) 
Combining Eqs. 15, 16, and 6, the reflection coefficient for a loaded guide with N sections of loading is 
2__ a2 
sin 4, 
1 
2 cos 6 sin wars sin 6, cos 6,+7 2 cot NT sinT 
1 
where 
2 2 
r =cos-| cos 6, cos 6, — sin 6; sin (18) 
2 bibe 
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Similar expressions for propagation constant and reflection coefficient may be derived for TM modes: 


cos (1: =cos cos sin sin ; (19) 

2 Bibs 

2 
2 cos 62 sin + sin 42 cos #:+7 2 cot NT sin T 
€1€2 
where: 
2 2 

=cos [os 6; COS sin 6; sin | (21) 

2 €1€2 


Note that the expression for p is exact only if « is 
the same as the dielectric constant of the feed guide. 
Otherwise, the T matrix of the first section would 
not be the same as the typical section T matrix, 
since the first transformer would have a different 
turns ratio. The T matrix for the loaded guide 
with N sections would then be 


(Ti) . 


The sin@ term in the numerator of ¢ is a major 
factor in determining the maximum value that can 
attain. If sin 6 is zero, there will be no reflection for 
any number of sections of loading. This result would 


16 


be expected from transmission-line theory, since the 
length , is a multiple of one-half wavelength when 
this condition is satisfied. 


Experimental Procedure 


Power transmission, phase shift, and reflection 
coefficient, as functions of «4, e&, l;, 2, and N, were 
measured for a dielectric loaded guide to determine 
the validity of the foregoing equations. Montgomery‘ 
discusses various techniques of measurement and 
sources of error for all of these procedures. The 
phase-shift measuring technique used is shown as 
one method of measurement of dielectric constant. 


THE TREND IN ENGINEERING 


4 
7 
\ « 
j 


“a 
€,=1O3€, € 252 
ad 1, = 0.9 CM 12 = 0.9 CM 
| 
80 


[TRANSMITTED POWER 


8 


POWER TRANSMITTED-% 
4 
m 


40 200 
200 s 
~ 
100 
i L L 
7 8 9 10 


FREQUENCY-KMC 


Fic. 7. TRANSMITTED POWER VS. FREQUENCY 
Waveguide No. 1 


LOADING 
€, = 103 &, =252 €, 
1,=2.0CM 0.9CM 
100 

80 
w 
Fe 60 300 
o 4 TRANSMIT TED POWER 
£ a 

40 200 = 
Bre 

20 100 


8 9 10 72° 


FREQUENCY-KMC 


Fic. 8. TRANSMITTED POWER VS. FREQUENCY 
Waveguide No. 2 


Since all measuring equipment on hand is designed 
for the TE; mode propagating in a rectangular 
guide, the first laboratory work was done using this 
mode. Measurements to validate Eqs. 20 and 21 for 
the TM mode are now in progress as part of another 
research project at the University, the TM mode 
being the one that approaches the radome problem. 

The setup used to measure the phase shift through 
the loaded guide is shown in Fig. 4. The magic-tee 
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Waveguide No. 
was used as a bridge to compare the signals in the 
two incoming arms. The standing wave meter was 
connected to the arm of the magic-tee that has no 
output when the phase and magnitude of the in- 
coming signals are equal. The attenuator and phase 
shifter were adjusted for a minimum reading on the 
standing wave meter, with an empty guide in the 
upper branch. The phase-shifter setting was noted. 
The empty guide was replaced by a loaded guide 
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and the phase shifter and attenuator were readjusted 
for a null on the standing wave meter. The dif- 
ference in phase-shifter settings is a measure of the 
phase shift in the loaded guide. Since the addition 
of 2mm radians does not change the apparent effect, 
the exact phase shift must be determined by esti- 
mating or predicting the actual value. A photo- 
graph of the setup is shown in Fig. 5. 


Results 

Polystyrene (@=2.52) and polyfoam (¢,=1.03) 
were chosen for loading. Both of these materials 
have low losses at microwave frequencies. A photo- 
graph of typical loading is shown in Fig. 6. Line 1 
is an example of five sections of loading with /;=2.0 
and 2=0.9 cm. Line 2 shows six loaded sections 
with /;=0.575 and 2=0.575 cm. Individual blocks 
of each component of the loaded section are shown 
at the extreme right of each line. The loaded guide 
was a regular piece of 0.4-by-0.9-inch guide filled 
with the dielectric blocks. 

The variations of rg with frequency for different 
dielectric loaded guides propagating the TE, mode 
are shown in Figs. 7, 8, 9, 10. The bandpass char- 
acteristics of the dielectric loaded guide are apparent. 
Propagation ceases when cos $rpg(lit/2) becomes 
larger than one and $rg becomes imaginary. This 
condition is possible when the angles 6; and 6 are 
such that the terms of Eq. 11 numerically add. 

The cutoff characteristics of these loaded guides 
were checked for loading with h=2=0.9 cm, 
l,=l=0.575 cm, 1,=2.0 and cm, and 4,=2.0 
and ,=0.575 cm, by measuring the percent power 
transmitted through the loaded guides. The length 
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of the loaded guide was a deciding factor in how 
much attenuation is accomplished. For example, 
for 1,=2.0 and 2=0.9 cm, with a loaded guide 
length of 60 cm, the power dropped to 20 per cent 
in the stop band. With 30-cm length, 80 per cent 
of the power was transmitted. The results of meas- 
urements of transmitted power appear in Figs. 7, 8, 
9, and 10, where the variations of the ratio of 
incident to transmitted power are shown, along with 
the variations of $reg with frequency. The sharp 
cutoff characteristics of the loaded guides that were 
observed in the laboratory are apparent in these 
curves. 


TABLE I 
RESULTS OF PHASE SHIFT MEASUREMENTS 
Frequency L Aé 
and Loading (cm) Theoretical Measured 
f =9.375 kmc 235+ 67 240.5+2n7r 
1,=2.0cm 29.0 11.5+47 17.7+2n7 
1,=0.9 cm 23.2 225+27 220+ 2n7 
f =9.375 kmc 48.9 179+47 178+2n7 
1,=2.0cm 28.3 160+ 27 165+2n7 
1,=0.575 cm 20.6 18.9+27 19.8+2n7r 
f =9.0 kmc 2.2 176+67 179+2n7 
1,=2.0cm 29.0 338+27 343+2nr 
1,=0.9 cm 23.2 198+27 194+2n7r 
f =9.5 kmc 52.2 257+67 265+2nr 
1,=2.0cm 29.0 22.7+49 29.6+2n7 
1,=0.9 cm 23.2 232+27 235+2nr 
f =8.8kmce $2.2 152+67 144+2n7 
1,=2.0 cm 29.0 328+2nr 
1,=0.9 cm 23.2 187+27 175+2n7r 
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The results of measurements of $7g for different 
loading and frequency are compared with theoretical 
values in Table I, A@ being the difference in phase 
between the empty and loaded guide. The theoretical 
values were determined from A@= (rz —0)L, where 
L is the length of the loaded guide and { is the 
propagation constant of the empty guide. All 
values checked within one per cent. 

The variation of VSWR with frequency is shown 
in Figs. 11 and 12; the variation of VSWR with the 
number of sections of loading (NV) is shown in Figs. 
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13 and 14. The results of laboratory measurements 
are plotted for comparison. As N grew larger, the 
accuracy with which Eq. 17 could be evaluated 
decreased. Evaluating cotNI’ accurately for long 
sections became difficult. For example, an error 
in T of, say, 0.1 degrees yielded an error of 5 degrees 
with 50 sections of loading. If this occurred near 
zero degrees where the cotangent is changing 
rapidly, a large error would occur in the final ex- 
pression for 
(Continued on page 32) 


19 


i 
| 
| 


PROCESS DESIGN OF 


M. M. Davip 


Associate Professor of Chemical 
Engineering 


Ion-exchange methods 
have been used in water 
treatment for over fifty 
years. However, within the 
past two decades following 
upon the development of 
resinous ion-exchange ma- 
terials having controllable 
physical and chemical prop- 
erties, ion exchange has 
burgeoned into importance 
in a wide variety of uses. 
Ion exchange today is used 
not only for water soften- 
ing but also for the complete demineralization of 
water for use in laboratories, power plants, and 
manufacturing processes, the treatment of aqueous 
wastes, recovery of valuable constituents from dilute 
solutions, sugar refining, uranium ore processing, 
biochemical and pharmaceutical manufacture, rare- 
earths production, and a multitude of other purposes 
—including even the treatment of stomach ulcers. 
Potentialities for future uses are most impressive. 

Despite the widespread industrial usage of ion 
exchange, design and cost-estimating methods and 
data have not been adequately compiled and organ- 
ized, and it is often difficult to locate this type of 
information. Accordingly, the intent of this paper 
is to present introductory material, design methods 
and data, and sources of such methods and data suf- 
ficient for preliminary process design of fixed-bed 
cation-exchange units. A process design should 
specify the dimensions of the bed of ion-exchange 
material, the operating conditions, and the costs of 
the equipment and operation. The design of the 
mechanical details of the equipment will not be con- 
sidered; this topic has received adequate coverage 
elsewhere.!:23:+ The design methods and data to be 
presented are for fixed-bed, ion-exchange systems, 
and do not pertain to newly developed ion-exchange 
methods such as moving-bed units, ion-exchange 
membranes, and ion-exclusion systems. These all 
have considerable promise for future applications, 
but at present the overwhelming majority of in- 
dustrial ion-exchange systems employ fixed-bed 


M. M. David 


* Now with the Cascade Cartridge Company, Lewiston, 
Idaho. 
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operation. Discussion will 
be primarily limited to sys- 
tems employing resinous 
exchangers, which are vir- 
tually the only type of ex- 
change material used for 
applications other than 
water-softening. Most of 
the discussion and methods 
following will be concerned 
with cation-exchange units, 
but the techniques 
will be largely applicable 
to anion-exchange units 
also. Hence, a small amount of data for anion- 
exchange units will be included. 


FIXED-BED OPERATION 


The usual fixed-bed ion-exchange unit consists of 
a vertical cylindrical tank containing the bed of 
resin supported on a porous plate or (more gener- 
ally) a layer of gravel or other granular material. 
A free space of from 50 to 100 per cent of the resin 
bed height is left above the bed, and arrangements 
are provided for collecting and distributing liquids 
above and below the resin bed. In addition to the 
bed unit itself, tanks must be available for mixing 
or storing regenerant solution, and the necessary 
connecting piping and controls must be provided. 

Before process design of the ion-exchange unit 
can be attempted, sufficient information must be 
at hand to define the problem, design methods and 
data must be available to size the unit and stipulate 
operating conditions, and cost data are needed to 
determine the fixed charges and operating costs. 
Each of these topics is considered in a following 
section. In preparing the process design, considera- 
tion must be given to the operating cycle used with 
fixed-bed ion-exchange units. Fixed-bed ion-ex- 
change units operate on a cycle involving a number 
of basic steps, which, in the sequence normally used, 
are as follows: 

1) Exhaustion. The influent solution, containing 
ions to be removed by the bed, is passed through the 
bed until these ions begin to appear in the effluent 
at an undesirably high level. At this point, termed 
the “breakthrough point,” flow of liquid through the 
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bed is halted. During exhaustion either upflow or 
downflow may be used, but the latter is the more 
common. 


2) Backwash. Following exhaustion, water is 
passed upward through the bed at a rate sufficient 
to expand the bed by 50 to 100 per cent. This process 
cleans the bed of suspended solids. When backwash- 
ing is stopped, the bed settles in a manner that tends 
to classify the exchange material, and this in turn 
minimizes channeling through the bed in the re- 
mainder of the cycle. 


3) Regeneration. A concentrated solution of the 
ion present on the bed before exhaustion is next 
passed through the bed. Ions taken up by the bed 
during exhaustion are thereby removed from the 
bed, which is returned to a fresh condition. The ions 
removed from the exhaustion solution are concen- 
trated in the regenerant solution during this step. 

4) Rinse. The regenerant solution remaining in 
the voids of the bed is flushed out by water or other 
liquid. The rinse liquid is sometimes purified before 
use to minimize loss of exchange capacity during 
exhaustion, 

The washing steps are occasionally reversed in 
order, and many special treatment cycles and com- 
binations of the above basic steps have been devised 
for special situations.'2;> Whatever the cycle used, 
the process design should attempt to establish oper- 
ating conditions in the various steps and to specify 
a bed size (or sizes) such that the over-all cost of 
the ion-exchange process is a minimum. Considera- 
tions involved in striving for this minimum cost are 
discussed subsequently. 


REQUIRED DATA 


Prior to the actual design of an ion-exchange unit, 

the following data must be compiled :? 

1. An accurate analysis and description of the 
solution to be treated, and the ranges of varia- 
tion to be encountered in these. Data on tem- 
peratures, viscosities, and densities should be 
included. 

2. The volume of solution to be treated per unit 

time, including maximum and minimum rates. 

. Effluent composition required. 

. Regenerant chemicals and labor available. 

. Information on whether intermittent or con- 
tinuous operation is desired, and the avail- 
ability of temporary storage for smoothing fluc- 
tuations in flow rate of solution to be treated. 

6. Information on available water pressure for 
washing and rinsing. 

7. The physical and chemical characteristics of 
the exchange material to be used. (If informa- 
tion of this type pertaining to the problem at 
hand is not available, experimental studies may 
be needed to obtain it.) 
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DESIGN METHODS 


The design methods used for fixed-bed ion-ex- 
change units may be somewhat arbitrarily classified 
into two types: empirical and theoretical. The for- 
mer are approximate design methods using only a 
limited amount of experimental data or based upon 
operating conditions found satisfactory in similar 
units. Theoretical methods employ a mathematical 
model, describing the fundamental processes occur- 
ring in the bed, to predict the performance of a unit. 
Some experimental data are needed for theoretical 
methods. 


Empirical Methods 


Standard Operating Conditions. The manufac- 
turers of ion-exchange materials furnish consider- 
able information and data on the properties and 
operating characteristics of their exchange materials, 
including suggested ranges of operating conditions.* 
These suggested operating conditions are based pri- 
marily upon water-treating data and are intended 
primarily for that use, as are the performance curves 
often accompanying the suggested operating condi- 
tions. Typical suggested conditions are the follow- 
ing : 

Exchange medium high-capacity polystyrene 

resin 
Minimum bed depth 30 inches 


Exhaustion flow rate 2-5 gpm per cu ft of resin 
8-20 gpm per sq ft of bed 
cross section 
Quantity of regenerant 15 lb NaCl per cu ft— 
and resulting bed 30 kilograins of CaCO, 
capacity capacity per cu ft 
6 lb H,SO, per cu ft— 
17 kilograins of CaCO, 
per cu ft capacity 
Regenerant concentration NaC1—10 per cent 
H,SO,—variable, depending 
on cations present 
1 gpm per cu ft of resin 


8 gpm per sq ft of bed 
cross section, for 2-3 min 


0.5-1.0 gpm per cu ft of 

bed; 40-100 gal per cu ft 
The exhaustion flow rate determines the bed size, 
and the remaining items, the operating conditions. 


Use of standard operating conditions for design 
purposes requires no advance experimental work and 
provides the most rapid design method. However, 
no advance information is then available on leakaget 
and resin capacity. It is unlikely that use of standard 
operating conditions will result in the optimum de- 
sign, and it is very possible that serious over- or 


Regenerant flow rate 
Backwash conditions 


Rinsing conditions 


* See list of ion-exchange resin manufacturers at end of 
article. 

+ Leakage is the term used to describe the presence of 
cations other than the regenerant ion in the exhaustion 
effluent. 
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under-design and extra-heavy operating costs will 
occur for treatment of solutions quite different from 
those encountered in water-treating. To some extent, 
these shortcomings may be reduced by modification 
of operating conditions, once the unit is in operation. 


Mindick’s Method. Equations have been presented 
by Mindick*® for using laboratory experimental data 
to design fixed-bed ion-exchange units. Use of these 
equations requires preselection of the operating con- 
ditions to be evaluated. However, the method is of 
value in enabling a known-to-be-operable unit to be 
designed on the basis of a small amount of experi- 
mental data, and it includes the effects of all ions 
present in the exhaustion solution and provides in- 
formation on the working capacity of the resin and 
the leakage to be expected. The equations do not, 
per se, determine maximum allowable flow rates or 
optimum operating conditions. 

To use the equations, a small laboratory bed must 
be operated through several cycles until steady con- 
ditions are obtained. (A minimum of two cycles 
could probably be used with reduced accuracy.) The 
following data are then procured: amounts of each 
ion in the exhaustion solution leaking through the 
bed and remaining on the bed to the breakthrough 
point; and the amount of each ion eluted from the 
bed during regeneration. These data are used in the 
following equation : 


Q = 
where 
Q =operating capacity of resin, 
=(qs)at+ (qs)o+ (qs)e+ 
Y_ =ratio of ion A to the total exchangeable 


ions in the entering exhaustion solution, 
Xa =Qa/(qs)a=fraction of A on the bed at 
breakthrough which is eluted 
during regeneration, 
(qs)a=amount of ion A on the bed at break- 
through, 
ga =amount of A eluted from the bed dur- 
ing regeneration. 


These equations are based primarily upon material 
balances, and include the assumptions that the col- 
umn is operated with small leakage and that the pres- 
ence of the regenerant ion in the exhaustion solution 
can be ignored for calculational purposes. The orig- 
inal article presents methods for correcting the 
calculations when large leakages exist. 


Direct Scale-up. \f large amounts of experimental 
data are available, the optimum design indicated by 
these laboratory data can be directly scaled-up to 
industrial size. Examples of this method are given 
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in References 6 and 7. Usually, laboratory data indi- 
cate somewhat higher bed capacities and smaller 
leakages than are found in large units." However, 
in systems with favorable equilibria, such scale-ups 
will be on the safe side, since the higher linear flow 
velocities used in large beds result in more rapid 
exchange than is found at the same volumetric flow 
rates in short laboratory units.® 


Theoretical Methods 


The Breakthrough-Curve Equation. A mathe- 
matical expression relating the composition of the 
effluent from a fixed bed with the influent composi- 
tion, the volume of effluent, the flow rate, the bed 
size, the initial condition of the bed, and the resin 
characteristics is termed a breakthrough-curve equa- 
tion. The utility of such an equation is obvious. 
With only a small amount of experimental work to 
evaluate the constants in the equation, the predicted 
performances of ion-exchange units can be computed 
over a wide range of operating conditions, and the 
optimum process design can be determined. To 
obtain the breakthrough-curve equation, a material 
balance on a differential length of the bed is com- 
bined with an equation for the rate of ion exchange 
and an equation relating the equilibrium composi- 
tions in the solution and on the resin. The resulting 
partial differential equation may usually be integrated 
by numerical or analytical means, using boundary 
limits set by the initial bed composition and the influ- 
ent composition. The rate and equilibrium equations 
used largely determine the final form of the break- 
through equation. 


Factors Affecting the Breakthrough Equation. 
The type of equilibrium existing between non-com- 
plexing cations in solution and on the resin immersed 
in the solution is chiefly influenced by the relative 
valences of the exchanging ions and the concentra- 
tion of the solution. When ions of equal valence are 
exchanging, the equilibrium is often linear; i.e., the 
ratios of the ions on the resin are about the same as 
their ratios in the solution ;* and the equilibrium is 
not greatly affected by the total solution concentra- 
tion.®.!.!1 For exchange of ions with different val- 
ences, in dilute solutions the ion with the larger 
valence is usually very preferentially taken up by the 
resin; i.e., the equilibrium is strongly in favor of 
higher valence As the solution 
strength increases, the favorability of the equilibrium 
for the higher valence ion decreases, and at high 
concentrations the equilibrium approaches linearity 
and may even reverse itself so that the lower valence 


* When the ions involved have very different hydrated 
radii, the ion with the smaller hydrated radius is preferen- 
tially “adsorbed” by the resin.’-9 Ions which form complexes 
in solution are also less strongly “adsorbed.” 
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ion is preferentially taken up.!*!+ Were this effect 
of concentration on equilibrium not present, regen- 
eration of polyvalent ions with the commonly used 
regenerants (NaCl and H,SO,) would be an ex- 
tremely inefficient process. The concentration ranges 
at which the various types of equilibrium prevail in 
non-equivalent exchange depend upon the particular 
ions involved. Complete, or fairly complete, data on 
this effect are available for a few systems: Cu**-Na’‘, 
Ca**-Na*, Mg**-K*, and Fe**t-H* (References 12, 
14,15,13 respectively), and a comprehensive listing 
of other more limited data has been compiled.'® 
The rate of the ion-exchange reaction may be gov- 
erned by one or more of the several steps which 
occur in the process. An ion leaving the solution 
must diffuse through the liquid surrounding the resin 
particle, and must then diffuse through the pores of 
the particle till it reaches an available exchange site. 
Here the actual chemical reaction of the exchange 
takes place, and the replaced ion must then diffuse 
out through the pores and through the surrounding 
liquid film around the resin particle. Diffusion of 
one of the ions, either through the liquid film, or 
through the pores, or through both, determines the 
over-all reaction rate.!7_ Which one of the diffusional 
steps is actually controlling depends primarily upon 
the velocity of the solution relative to the resin bed 
(which affects the resistance to diffusion offered by 
the liquid film) and the concentration of the external 
solution. At flow rates ordinarily found in ion- 
exchange units during exhaustion, diffusion through 
the liquid film is the rate-controlling step in dilute 
solutions, and diffusion within the pores 


becomes rate-controlling at higher concentrations. : 


At intermediate concentrations, both diffusional re- 

sistances are the same order of magnitude.9:!!+17.21 
Numerical specification of the concentration ranges 
within which the various diffusional steps are con- 
trolling depends again on the specific system. For 
uni-univalent exchange it has been found that in- 
ternal diffusion becomes important at total-solution 
molarities above 0.003, and controlling at total- 
solution molarities above 0.1 M.?!7 Other studies 
indicate that, for poly-univalent exchange, liquid-film 
diffusion may control up to much higher solution 
strengths,!8 in fact as high as 0.5 M in one instance.?° 
Other relative data may be found in References 11 
and 21. At present very few rate data are available 
for high solution-concentration, low flow-rate situa- 
tions such as are encountered in regeneration. 


Breakthrough Equations Available. Solutions to 
the partial differential form of the breakthrough 
equation are presently limited to systems involving 
only two exchanging ions; i.e., systems where a sin- 
gle ionic species in solution is replacing a single ionic 
species on the resin. This limitation places a severe 
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restriction on the use of theoretical methods for 
practical design purposes, since many of the solu- 
tions to be treated by ion exchange contain several 
ions which will be retained on the bed.* The avail- 
able evidence®?? indicates that breakthrough equa- 
tions based on only two ionic species exchanging can- 
not be used to predict the breakthrough curve for 
one of these species if a third ionic species is present. 
Other limiting assumptions contained in available 
solutions are constant flow rate, inlet composition 
and initial bed composition, uniform conditions 
across the bed cross section, and no diffusion in the 
direction of flow. 

The types of systems for which integrated break- 
through equations are available (systems with two 
ionic species) are indicated in Table I. Though the 
attempt was made to include all the existing types 
of solutions, in view of the very large number of 
articles on ion-exchange which have appeared in 
recent years it is quite possible that some of the 
available breakthrough-curve equations have been 
omitted. No attempt has been made to list all the 
articles containing derivations of these or very 
similar solutions. 


TABLE I 
AVAILABLE BREAKTHROUGH-CURVE EQUATIONS 
REF. TYPE OF 
SyYsTEM No. SOLUTION 


Very favorable equilibrium, liquid film . 
Analytical 


controlling 18 
Very favorable equilibrium, internal 

diffusion controlling 23 Analytical 
Linear equilibrium, liquid film 

controlling 24 Analytical* 
Linear equilibrium, internal diffusion 

controlling 25 Numerical 
Linear equilibrium, both internal and 

external diffusion important 25 Numerical 


11,26 Analytical* 
Intermediate equilibria, liquid film 


controlling 27,28 Analytical* 
Intermediate equilibria, internal 
diffusion controlling 23 Analytical 


* Numerical solutions for these cases are also available (e.g., Ref- 
erence 


Examples of the use of breakthrough equations for 
design purposes may be found in References 18 
and 19, 

Other Theoretical Approaches. Both the Htu 
(height of a theoretical unit) and the HETP (height 
of a theoretical plate) concepts have been applied to 
fixed-bed ion-exchange data (e.g., References 4 and 
30, respectively). Neither of these approaches ap- 
pears especially useful for fixed-bed design purposes, 
though the latter might be useful for operations 

* However, if two of the ions in the exhaustion feed have 
the same valence and are similar in size, they may be treated 


as a single species when replacing an ion of lower valence on 
the 
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which are essentially chromatographic in nature and 
can handle systems containing several ionic species, 
if the equilibrium relationships are fairly simple. 


COSTS 


The total costs for operating a fixed-bed ion-ex- 
change system can be grouped into the two usual 
categories of fixed costs and operating costs. The 
former are those primarily dependent upon the initial 
purchase price of the system and the latter vary 
almost directly with the extent of use of the system. 
As in most process design, larger units, more instru- 
mentation, and other factors which increase the fixed 
costs result in decreased operating costs. The opti- 
mum process design is usually the one which results 
in a minimum total cost of operation. 

Fixed Costs 

The most important fixed (capital) costs for ion- 
exchange equipment are depreciation, maintenance, 
interest on investment, taxes, and insurance. Gener- 
ally these costs are expressed as a percentage of the 
initial installed costs. Considerable purchase- and in- 
stallation-cost data for fixed-bed ion-exchange sys- 
tems are now available in the literature?!.5253.54 and 
will not be included here because of the space re- 
quirements for adequate presentation. 

Depreciation. Depreciation rates can vary widely, 
depending upon company policy and bookkeeping 
procedures. Many companies will amortize a process 
in a much shorter period than the process will actu- 
ally be operative, and this procedure is warranted if 
there is danger of obsolescence of the process. An- 
other procedure, used for income tax purposes, de- 
preciates the equipment over the expected useful 
life. The Bureau of Internal Revenue’s table of esti- 
mated useful life of equipment used in the process 
industries*> indicates that tanks and equipment used 
in sodium cycle units (NaCl regenerant) should 
have a useful life of 20 years, and in acid cycle units, 
15 years. These figures allow approximately 5 and 
7 per cent per year straight-line depreciation on the 
respective types of equipment. Although deprecia- 
tion of the resin itself is minimized by regular addi- 
tion of replacement resin* these percentage figures 
may be applied to the total initial investment, to 
provide a slightly faster write-off. Amortization over 
a 10-year period has also been suggested for ion- 
exchange units.*¢ 

Repair and Maintenance. These costs for chemical 
process equipment are computed at 2 to 10 per cent 
of the installed cost, depending upon the complexity 
of the Ton-exchange equipment is 
relatively simple, with few moving parts; hence a 
figure of 5 per cent for repair and maintenance would 
appear reasonable.** 


* See subsequent discussion on operating costs. 
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Interest on Investment. The charge for interest on 
investment, as with depreciation, depends upon com- 
pany policy. A figure of 4 per cent per year based 
on installed cost is often used,3738-59 though this value 
may be slightly low at the present time. 

Taxes and Insurance. Property taxes vary con- 
siderably throughout the United States. The rate 
may be from 1 to 6 per cent of the assessed value 
and the assessed value may range from 25 to 100 
per cent of the replacement value of the equipment. 
A reasonable average between these combinations of 
extremes is often taken as 2 per cent of the installed 
cost of the equipment.5”8 This figure is for the 
property tax only. The cost of insurance for fire or 
other type of property loss is small, and 1 per cent 
of the equipment cost is commonly used for estima- 
tion purposes.3738 


TABLE II 
FIXED CosTs FOR ION-EXCHANGE UNITS 
FIxED OPERATING Cost 
. (% per year of initial installed cost) 
Sodium Cycle Acid Cycle 

Depreciation 7 
Repairs and Maintenance 5 5 
Interest on Investment 4 4 
Property Taxes 2 2 
Insurance 1 1 

Total 17 19 


Mindler and Paulson** suggest a figure of 15 per 
cent of installed cost for yearly fixed charges. 
Monet*?.53 uses 15 per cent per year for depreciation 
and maintenance only. Fixed costs for ion-exchange 
units are summarized in Table II. 


Operating Costs 

The major operating charges of an ion-exchange 
unit usually are for regenerant chemicals, water, and 
operating labor. Pumping costs can also be important 
in systems having large pressure drops, instrument 
maintenance may be a major item in complex auto- 
matically-controlled systems, and resin replacement 
cost can be high for treating solutions having 
constituepts which are destructive to the resin. 

Regenerant Chemicals. This cost generally ac- 
counts for 20 to 50 per cent of the total operating 
costs for an ion-exchange system.*?55 For water- 
treating units, 30 per cent of total costs is common, 
but this figure can be considerably higher for special 
recovery and chemical treatment units. The cost of 
regenerant chemicals is directly proportional to the 
number of chemical equivalents of ions removed from 
the exhausting solution and to the efficiency of regen- 
erant usage. The former is fairly rigidly established 
by the requirements of the process, but methods of 
improving efficiency of regenerant usage should be 
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examined in seeking the optimum process design. 

Less complete regeneration of a bed results in in- 
creased efficiency of regenerant usage but also neces- 
sitates a larger bed (with higher fixed costs) or more 
frequent regenerations (with higher labor costs). 
Relaxing leakage requirements slightly, when such 
requirements are unusually stringent, can reduce 
regenerant requirements greatly (or, alternatively, 
reduce the bed-size needed). The effects of type of 
regenerant, regenerant strength, and regeneration 
flow rate upon the efficiency of regeneration should 
be studied, if possible. However, this usually re- 
quires experimental work. Reuse of the less spent 
portions of the regenerant in a semi-countercurrent 
fashion is another possible method for reducing re- 
generant costs. As a general rule, the efficiency of 
regenerant usage in fixed-bed units is approximately 
50 per cent, and from 1.5 to 2.5 times the theoretical 
amount of regenerant is needed.*? The costs for typ- 
ical regenerants are given in Table III. 


TABLE III 
Costs OF REGENERANT CHEMICALS 
REGENERANT Cost PER LB-Eguiv. 
NaCl $ 0.98/100 Ib $ 0.57 
H.SO, $22.50/ton $ 0.57 
66° Be 
HCl $ 1.40/100 Ib $ 1.70 
18° Be 
Na,CO; $ 1.60/100 lb $ 0.85 
NaOH $ 5.40/100 lb $ 1.67 
(flake, 76% Na,O) 
NH; $82.50/ton $ 0.70 
(anhydrous) 


Rinse and Backwashing Water Requirements. 
Published values*?-+!42 and manufacturers’ data indi- 
cate that from 40 to 150 gal of water per cubic foot 
per cycle are needed for rinsing and backwashing. 
A figure of 50 gal per cubic foot per cycle is typical 
for sodium-cycle operation, and larger amounts are 
used for acid-cycle operation. Water for backwash- 
ing represents only a small fraction of the total water 
requirements. Industrial water costs are frequently 
of the order of $0.14 per 1000 gal for municipally 
supplied water,*? but the cost is considerably lower 
for well water or water from other natural sources. 
For complete demineralization of water, treated 
effluent from the ion-exchange system is usually used 
as rinse water, and this may cost $0.20 to $0.30 per 
1000 gal above the cost of raw water.*’ Based on 
the above figures, the cost of rinse and backwash 
water will often be in the range of $0.005 to $0.05 
per cubic foot of bed for each cycle. 

Labor. Costs of labor for fixed-bed ion-exchange 
units depend upon the extent to which automatic 
controls are used. If automatic controls are not used, 
the operator must devote full time to the process 
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during backwash and regeneration, half-time during 
the rinse, and approximately 15 minutes during the 
exhaustion step.*5 This frequently amounts to about 
2 hours per cycle,*? though the exact amount of time 
depends upon the particular process and is deter- 
mined during the calculation of the process design. 
If automatic controls are used, labor costs can be 
reduced to a minimum and the operator would be 
needed only for filling the regenerant chemical tank, 
initiating the regeneration cycle, and checking the 
operation of the system from time to time. A com- 
parison between savings in labor costs and the addi- 
tional costs of automatic controls* determines the 
best procedure for a given system. As mentioned 
earlier, extensive use of automatic controls increases 
the costs of instrument maintenance. Labor costs 
must also be balanced against bed cos.s in determin- 
ing the optimum operating cycle. Sn.aller beds (for 
the same process) require more of the operator’s 
time but have smaller fixed charges. The cost of 
labor for operation of ion-exchange units will prob- 
ably approach $2.50-$3.00 per hour, including 25 
per cent of the basic hourly rate for supervision and 
payroll overhead costs (insurance, social security, 
pensions, etc.) 

Power for Pumping. The cost of pumping may 
be of interest for ion-exchange processes in which 
the streams to be treated are not under sufficient 
pressure to force them through the unit, a situation 
of particular concern with thick, viscous liquids. In 
such cases the bed depth should be chosen so that 
the maximum pressure remains within the normal 
equipment limitation of 100 psi, and so that the 
pressure drop through the bed will not place undue 
mechanical stress on the resin or result in tight pack- 
ing of the bed. The power requirements for pumping 
are directly proportional to the flow rate and pres- 
sure drop through the bed. Pressure drops through 
the bed may be determined from data furnished by 
the resin manufacturers or by standard techniques 
for flow through packed beds.‘3*4 The theoretical 
power requirements should be approximately dou- 
bled to allow for pump, drive, and motor efficiencies. 
A power cost of $0.01 per kilowatthour will be on 
the safe side. 

Resin Replacement. This cost is usually a small 
portion of the over-all operating cost of an ion-ex- 
change unit. The attrition rate of resin in ordinary 
service is generally 3 per cent per 500 cycles or less. 
If the attrition rate is taken as 1 per cent per 100 
cycles, replacement resin costs, with daily regenera- 
tion, are about 3 per cent per year. The figure of 5 
per cent per year for resin replacement has also been 
suggested.°2 Solutions which are especially destruc- 
tive to the resin or which tend to reduce the resin 
capacity may result in higher resin replacement costs. 


* See Reference 31 for cost data on automatic controls. 
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ION-EXCHANGE RESIN MANUFACTURERS* 


CHEMICAL Process Co., 901 Spring St., Redwood City, Calif. 

Dow CHEMICAL Co., Midland, Mich. (Commercial quantities 
of resin manufactured by Dow are sold and serviced by 
National Aluminate Corp., 6216 W. 66th Place, Chicago. 

Permutit Co., 330 W. 42nd St., New York. 

Roum AND Haas Co., Washington Square, Philadelphia, Pa. 


* A list of ion-exchange equipment manufacturers and suppliers 
may be found in Reference 31. 


THE GRADUATE MEETS INDUSTRY 
(Continued from page 2) 


Time was when any commencement orator could im- 
pressively point out the glorious “new world” on whose 
firm threshold the graduate was poised. Today, the gradu- 
ating engineer, who is peculiarly equipped to conduct sta- 
bility tests, must watch his step. In addition to the profes- 
sional questions confronting him personally, he is handed 
some of the toughest problems the world has ever known, 
and is expected to come up with at least part of the an- 
swers. As one speaker put it, “he faces a triple threat: 
annihilating war, vanishing natural resources, and a surg- 
ing world population that will, unless it is somehow 
checked, multiply 214 times in the next hundred years. 
Solution of these problems cannot be long delayed. Of 
course, science can help to find some of the answers. The 
real basis for man’s survival and well-being, lies, however, 
in a new culture. Somehow men will have to learn how 
to live in harmony and mutual understanding.... The 

j\real objective can best be reached through developing. ..a 
liberal, homogeneous blend of knowledge, rationality, 
creativity, objectivity, mutuality, and spirituality.”'* That 
is a tremendous challenge. One heartening feature is that 
it was issued by the vice president of the laboratories of 
one of our largest industries. 
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DIELECTRIC LOADING OF WAVEGUIDES 
(Continued from page 19) 


Conclusions 


Propagation of a TE mode through a loaded 
guide was successfully predicted by Eq. 12. Both 
the phase shift and passbands were accurately 
determined. 

The dielectric loaded guide is similar to a disk- 
loaded guide since they both have alternating. pass- 
and stop-bands. By changing the dimensions of the 
blocks and the materials used for loading, different 
pass- and stop-bands are possible. Thus, one possible 
use of this dielectric guide is a microwave bandpass 
or band-elimination filter. 

The problem of designing a workable dielectric 
loaded guide filter has received but little attention. 
Such a design procedure would include determining a 
loading by choosing J; and , and © that would yield 
desired pass- and attenuation-bands. The total 
length of loaded guide could be chosen to yield a 
desired phase shift. 

In order to function well as a filter, the loaded 
guide would have to be reasonably well matched to 
the lines connecting both ends of the filter guide 
over the passbands. Examination of Eq. 17, shows 
that the reflection coefficient is zero if sin 4 is zero. 
This would be achieved if =n. Thus, if % is kept 
near md throughout a passband, the problem of 
matching is minimized. If this is not possible, a 
matching device similar to the two movable quarter- 
wave dielectric plates described in the introduction 
might be used. A loaded guide with a number of 
movable loading plates with free space between 
might possibly be a means of attaining a better 
match and some control over the cutoff points. 
A number of loaded guides, each with different 
values of J, and k, connected together, might yield 
sharper cutoff characteristics. Guides with adjust- 
able loading could be placed between these differ- 
ently loaded guides. 

The foregoing suggestions have been put forth as 
possible starting points on this problem. 
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